Objective: Although atypical antipsychotics are well-tolerated and eff ective treatment options for schizophrenia, they have metabolic side eff ects, including weight gain and increased risk of Type II Diabetes Mellitus (DM). Adiponectin, produced exclusively in adipocytes, is the most abundant serum adipokine. Low levels of adiponectin are correlated with DM, insulin resistance and coronary heart disease. Usage of atypical antipsychotics may create a risk of metabolic syndrome. The aim of this study was to evaluate the eff ects of antipsychotic usage on parameters related to development of metabolic syndrome.
Introduction
Although the emergence of atypical antipsychotics has presented us with a group of well-tolerated and effective agents as treatment alternatives for schizophrenia, the metabolic side effects of these agents, such as weight gain and a tendency toward Type II DM (Diabetes Mellitus), cannot be denied [1] [2] [3] [4] . Weight gain due to the use of the new generation of antipsychotics causes a general increase in adipose tissue, which in turn may cause insulin resistance, glucose intolerance and diabetes [5] . The use of atypical antipsychotics is often associated with weight gain, insulin resistance and metabolic syndrome. Metabolic syndrome is a disorder characterized by disrupted glucose metabolism and/or disrupted insulin metabolism (glucose intolerance, Type II DM, insulin resistance or hyperinsulinemia) and obesity (increased adipose tissue, especially in the abdominal area), and it affects many systems [6, 7] . Low levels of serum adiponectin are also associated with insulin resistance and Type II DM. Although the physiological role of adiponectin has not been determined fully, it is thought to have anti-atherogenic and anti-inflammatory properties [8] . Adiponectin is a plasma protein produced by mature adipocytes, and it has anti-inflammatory effects and increases insulin sensitivity. Its level in circulation decreases with increasing body mass index [9] [10] [11] [12] . The effects of atypical antipsychotics, as well as other symptoms of metabolic syndrome, on serum adiponectin levels are increasingly becoming the subject of research. Previous studies investigating the relationship between serum adiponectin levels and the usage of atypical antipsychotics have focused more on short-term effects [9, [13] [14] [15] [16] [17] . In this study, our purpose was to investigate the effects of atypical antipsychotic usage on serum adiponectin levels and metabolic parameters based on their association with long-and short-term atypical antipsychotic usage.
Materials and Methods
Patient selection and evaluation: Approval for the investigation was obtained from the Medical Ethics Committee of the Atatürk University Department of Medicine.
A total of 27 patients were informed of the study outline and objectives, and after their informed consent was obtained, they were included in this study. These patients were 18 -60 years old and were consecutive outpatients with schizophrenia and schizoaffective disorders who were being tracked by Atatürk University Medical Faculty Psychiatry Department Outpatient Clinic. All patients were in remission, had stable drug usage, and were receiving atypical antipsychotic monotherapy for at least 3 months (with usage durations between 3 months and 10 years). Only patients being treated for diagnoses of schizophrenia or schizoaffective disorder according to DSM-IV criteria were accepted for the study. The diagnoses of the patients were confirmed by SCID-I. Exclusion criteria in the selection of patients were tobacco use, alcohol use, drug addiction, eating disorder diagnosis, long-term use of non-psychotropic drugs, mental retardation, neurological disorders and history of head injury. Some of our patients, in addition to atypical antipsychotics, were using anticholinergics (1-3 mg Biperiden) and/or benzodiazepine (1-4 mg Lorazepam) when necessary. The dosage ranges of the atypical antipsychotics were Olanzapine (5-20 mg), Risperidone (2-6 mg), Quetiapine (600-1200 mg), Amisulpride (400-800 mg), Clozapine (600 mg/g), Aripiprazole (30 mg/g), Sulpiride (200-800 mg), and Paliperidone (9 mg/g). The demographic characteristics of the patients along with their weight, waist measurement and body mass index were recorded on a patient information form.
Biochemical analysis
The serum HDL (High Density Lipoprotein), LDL (Low Density Lipoprotein), total cholesterol, TG (Triglyceride) and fasting blood glucose levels of the patients were recorded. Serum adiponectin levels were measured by enzyme-linked immunosorbent assay (ELISA) using a ready commercial kit (RayBio® Human adiponektin /Acrp30 ELISA kit) (Cat#: ELH-ADIPNECTIN-001). The detection limit was 10 pg/ml (intra-assay CV<10%, interassay CV<12%). The kit used showed no cross- 
Statistical evaluation
The SPSS 11.0 program was used for statistical analysis. The correlations between serum adiponectin levels and usage duration of atypical antipsychotics, gender, weight, body mass index, waist measurement and TG, HDL, LDL, total cholesterol and fasting blood sugar levels were evaluated using correlation analysis. The Mann-Whitney U test was used to make a comparison of weight, body mass index, serum adiponectin levels, HDL levels and fasting blood sugar levels and atypical antipsychotic usage among our patients, who were separated into two groups: Schizophrenia patients and Schizoaffective Disorder patients. The Mann-Whitney U test was used to compare serum adiponectin, fasting blood sugar and HDL levels and waist measurements between genders. The Mann-Whitney U test was used once more to compare the HDL, LDL, TG, fasting blood sugar, total cholesterol, and serum adiponectin levels and weight and waist measurements of patients who had been using atypical antipsychot-ics less than one year to those of patients using atypical antipsychotics longer than one year.
Findings
A total of 27 patients (13 women and 14 men) were included in this study. The average age of our patients was 35.0±9.4 sd years. All of our patients had been receiving atypical antipsychotic treatment for at least 3 months; 17 patients (63.0%) had been using atypical antipsychotics for less than one year, and 10 patients (37.0%) had been using the treatment for over one year. Of the 27 patients, 55.6% (n=15) had been diagnosed with schizophrenia and 44.4% (n=12) with schizoaffective disorder. No significant correlation was found between the diagnoses of the patients and their serum adiponectin levels, BMI (body mass index), waist measurements, weights and biochemical parameters. The atypical antipsychotics used were Olanzapine (n=9), Quetiapine (n=6), Risperidone (n=5), Amisulpride (n=2), Sulpiride (n=2), Aripiprazole (n=1), Clozapine (n=1) and Paliperidone (n=1). The average values of various parameters of our patients are given in Table 1. TG levels, waist measurements and patient weight were negatively correlated with serum adiponectin levels ( Table 2) .
The HDL levels of the patients were negatively correlated with the length of drug use (r=-0.508, p=0.008), TG levels (r=-0.598, p=0.001), weight (r=-0.437, p=0.029), and waist measurements (r=-0.495, p=0.014). LDL levels, on the other hand, showed a positive correlation with total cholesterol levels (r=0.944, p=0.000).
The average weight of the patients (72.0±8.7 kg) was positively correlated with waist measurements (r=0.577, p=0.003) and length of drug use (r=0.612, p=0.001), but it showed a negative correlation with HDL levels (r=-0.437, p=0.029). While the average weight of patients using atypical antipsychotics for less than one year was 67.8±7.08 kg, the average weight of patients who had been on atypical antipsychotics for more than one year was found to be 78.7±7.05 kg (p=0.003). The atypical antipsychotic use of the patients showed a correlation with their weights, HDL levels and serum adiponectin levels (Table 3) .
In our study, there was a significant correlation between the length of atypical antipsychotic usage and adiponectin levels ( Figure 1 ). These results show that the adiponectin levels of patients who had been using antipsychotics for more than one year were significantly lower than those who had been using antipsychotics for one year or less (p=0.000). Furthermore, there was a significant correlation between the weight of the patients and their atypical antipsychotic usage duration (p=0.003).
There were no significant gender-related differences with regards to the length of atypical antipsychotic usage; however, a number of other parameters did display a gender-related difference and are shown in Table 4 .
In our study, there were no significant differences between patients taking Olanzapine (n=9) and those taking other atypical antipsychotics in terms of length of drug use, average weight, waist measurement, and HDL, LDL, TG and serum adiponectin levels. Upon further evaluation of patients taking Olanzapine, a positive correlation was found between the length of drug use and waist measurements (r=0.761 and p=0.017). Although the number of patients using Olanzapine was not sufficient for a comparison based on their usage duration, the differences in the averages within this group are shown in Table 5 .
Discussion
The rate of death from cardiovascular disorders is higher in patients diagnosed with schizophrenia in comparison to the normal population [18] . Additionally, a group of clinical findings and symptoms, collectively known as "metabolic syndrome", has also been reported to create a significant risk for cardiovascular system disorders [19] [20] [21] [22] . Low adiponectin levels show a correlation with almost all clinical components of metabolic syndrome, and this correlation is considered a significant indication of increased risk for cardiovascular disorders and is indicative of the severity of the illness [23] [24] [25] [26] [27] [28] . In a literature review carried out by Gentile, when short-term studies were examined, Clozapine was found to carry the highest risk for weight gain, with the risk ratio diminishing in the order of Olanzapine, Quetiapine, Risperidone, Amisulpride, Aripiprazole and Ziprasidone. In the same analysis, when data pertaining to long-term studies (generally more than one year of drug use) were examined, Clozapine was again ranked first, and Ziprasidone was last; however, it was noted that the data on the other atypical antipsychotics did not reflect the correlation as well [16] . Hosojıma et al. observed that, although there was weight gain after 4 weeks of Olanzapine use, there was no significant increase in serum leptin, ghrelin and adiponectin levels [17] . Bai et al. found a higher rate of metabolic syndrome among Clozapine users than Olanzapine users (28.7% and 24.2%, respectively) in their study of 567 patients, whose average term of drug use was 45.8±27.8 months, and they also reported that the serum adiponectin levels of the Olanzapine using group were higher than those of the Clozapine group [29] . Murashita et al. reported that although there was weight gain by the 6th month of antipsychotic treatment, there was no significant difference in the serum adiponectin levels [13] . Perez-Iglesias et al. reported a non-significant drop in serum adiponectin levels, although they did find a significant increase in the serum insulin and leptin levels and patient weight after one year of treatment with atypical antipsychotics [30] . Studies focused on the correlation of atypical antipsychotics with weight gain and insulin resistance have shown that occasionally there is no significant difference among the atypical antipsychotics and that Olanzapine and Clozapine have more involvement with weight gain and the disruption of glucose regulation [31] [32] [33] [34] than other drugs. Crespo-Facorro et al. determined that, although there is no difference in efficacy and tolerability, Olanzapine causes more weight gain compared to Risperidone [35] , and Van Winkel et al. have drawn attention to the fact that Clozapine carried the highest risk of changing plasma glucose levels among schizophrenia and schizoaffective disorder patients using Risperidone, Aripiprazole or Clozapine [36] . Newcomer et al. found clinically significant weight loss, a marked drop in TG and total cholesterol levels and a marked increase in HDL levels in obese patients who had been using Olanzapine, after 16 th week of switching to Aripipirazole [37] . In conclusion, current litera- In our study, we found a significant correlation between the length of atypical antipsychotic use and adiponectin levels and patient weight. Our data are consistent with literature supporting the correlation of the length of atypical antipsychotics use with many variables positively affecting metabolic syndrome. In our study, we were unable to find a significant difference in length of drug administration and average weight, waist measurements and HDL, LDL, TG and serum adiponectin levels between the Olanzapine group and the rest of the sample. Patients using Olanzapine showed a positive correlation between length of drug use and waist measurements. The finding of lower adiponectin levels, larger waist measurements and higher weight ratios among patients who had been on Olanzapine for longer than one year are inconsistent with literature stating that the highest risk period for weight gain during Olanzapine usage is the first 6 weeks [38, 39] .
Our study showed no significant differences in the duration of atypical antipsychotic usage between genders. Over half (57.7%) of our patients had HDL levels that would be considered unhealthy, and the female patients had relatively higher HDL levels; however, those higher levels could also be related to a generally higher risk among females. Furthermore, the female patients in our study had a higher risk of central obesity.
Low HDL levels have been associated with cardiovascular mortality, especially in women, and HDL levels below 50 mg/ dl in women and 40 mg/dl in men are considered hazardous to health [40, 41] . Waist measurements greater than 88 cm for women and 102 cm for men are considered unhealthy. Fezeu et al. working within a large sample, determined a higher incidence of hyperglycemia, one of the components of metabolic syndrome, in men (6% in women, 12% in men) and a higher incidence of central obesity in women (81% in women, 52% in men) [42] . The prevalence of diabetes is lower in premenopausal women, which can be associated with the efficacy of 17-B estradiol in protecting insulin production [43, 44] . Nevertheless, some publications claim that estradiol levels above or below physiologic limits can speed the development of insulin resistance and Type II DM [45] .
Our hypothesis focused on the possibility of changes in metabolic parameters as a result of prolonged usage of atypical antipsychotics, and the data support this hypothesis. However, our sampling was not large enough to investigate the effects of each drug separately. Again, although our study was focused solely on comparing short-and long-term drug use and each patient's process was observed separately, not having the starting values was restrictive.
Our finding that low serum adiponectin levels were associated with the duration of atypical antipsychotic use coupled with the accompanying high weight values supports the suggestion that the length of atypical antipsychotic use is positively correlated with metabolic syndrome. Our data also support the theory that lower adiponectin levels are an indication of disrupted glucose regulation and insulin resistance. This study, while investigating the parameters that could be used in the prevision and tracking of metabolic syndrome, focuses especially on the effects of the duration of atypical antipsychotic usage, and it draws attention to adiponectin, the subject of a relatively limited number of studies. Further studies that consider drug usage terms in addition to other biochemical parameters that can predict metabolic syndrome are needed.
